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ABSTRACT: A new dynamic SU(3)-structure solution in type-IIA is found by T-dualising
a deformation of the Maldacena-Nastase solution along an SU(2) isometry. It is argued
that this is dual to a quiver gauge theory with multiple Chern-Simons levels. A clear
way of defining Chern-Simons levels in terms of Page charges is presented, which is also
used to define a Chern-Simons term for the G2-structure analogue of Klebanov-Strassler,
providing evidence of a cascade in both the ranks and levels of the dual quiver.
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1 Introduction
Almost from its conception, supergravity solution generating techniques have played an
important role in the gauge/gravity correspondence. An early example is the method by
which one can lift a lower dimensional gauged supergravity to a full solution of type-
II supergravity in 10-d. In [1] such a lift was performed on the 5-d solution of [2]. The
resulting 10-d solution was identified as a holographic dual of N = 1 SYM in 3-d with
gauge group SU(Nc) and Chern-Simons level k = Nc/2 by Maldacena and Nastase [3],
after whom the solution is usually named.
The Maldacena-Nastase solution consists of wrapped D5-branes wrapping a 3-cycle
in a manifold that supports a G2-structure. The field theory living on the world volume of
these branes is only effectively 3-d in the IR and so the geometry is only a good description
of the low energy dynamics of SYM in 3-d. A UV completion is provided by another
solution generating technique, G2-structure rotation [5], which is analogous to U-duality.
This acts on the S-dual of a deformation of the Maldacena and Nastase solution [4] and
maps it to a geometry supporting D2 and fractional D2 branes that asymptotes to AdS4×
Y in the UV and is the G2 analogue of the baryonic branch of Klebanov-Strassler [32]. The
compact metric Y has finite volume in the UV and so the fractional branes which wrap
cycles in Y remain effectively 3-d in the whole geometry. A gauge theory analysis of the
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G2-structure rotated solution was performed in [6] which suggested that the dual QFT
was likely a confining 2 node quiver with a Chern-Simons term that dominates the IR
dynamics and a conformal fixed point in the UV. This clearly presents an improvement
on the UV behaviour of the geometry and coupledwith the possibility of a duality cascade
by analogy with Klebanov-Strassler, indicates that the dual field theory is potentially very
interesting.
Themain focus of this workwill be to apply a different solution generating technique,
non-abelian T-duality, to the deformedMaldacena and Nastase solution. Dualising super-
gravity solutions along non-abelian isometries is actually quite an old idea [7]. However
it is only quite recently that it was realised how to dualise geometries supporting a non-
trivial RR sector in [8] with refinements given by [9, 10]. This was of course a necessary
step before the duality could have much utility in the gauge/gravity correspondence.
Most attention has been focused on dualising along SU(2) isometries, because they are
quite simple and it has been explicitly shown (for a quite general ansatz) that they are
always a map between SuGra solutions [11]. This has already bore some quite interesting
results, for example a new AdS6 solution was generated in type-IIB [13], which promises
to shed some light on CFT’S in 5-d. Attention has also been focused on performing SU(2)
T-dualities on type-IIB conifold solutions [14, 15], with the aim of generating new type-IIA
solutions that give holographic descriptions of confining 4-d gauge theories. The super-
symmetric solution on the conifold support an SU(3)-structure and it was shown in [16]
(see also [17]) that their non-abelian T-dual geometries must support an SU(2)-structure
if SUSY is preserved. This was an important step towards understanding the duality in
terms of generalised geometry [18], which has been of considerable help in the context of
holography and gives an explicit check of SUSY preservation by the duality. In addition
to this though, SU(2)-structure backgrounds are not that common and so a method of
generating them should led to greater insight of their general construction.
In this work a new type-IIA SuGra solution, dual to a confining gauge theory in 3-d,
is generated by performing a T-duality along one of the SU(2) isometries of the deformed
Maldacena-Nastase solution [4]. This new solution preservesN = 1 SUSY in the form of
a dynamic SU(3)-structure in 7-d [28, 29]. Some details of the G2-structure rotation [5] are
also given so that the two solutions may be compared. This also includes a new proposal
for the Chern-Simons term of the G2-structure rotation in term of a probe D8 brane with
the level given by the D6 Page charge, such a proposal is not present in literature. The
gauge theory dual to the T-dual geometry is analysed and compared to that of the orig-
inal wrapped D5 brane and G2-structure rotated solutions. A more specific outline is as
follows:
In section 2 the deformation of the Maldacena-Nastase solution is briefly reviewed.
Details of the metric and RR sector ansatz and G2-structure SUSY equations are all pre-
sented. SUSY preserving semi-analytic solutions of the ansatz are given that are charac-
terised by either a UV constant or UV linear dilaton. And finally some cycles and charges
that will be of relevance to the field theoretic description are introduced.
Section 3 gives some details of the solution generating technique G2-structure rota-
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tion and presents the result of applying this to the deformedMaldacena-Nastase solution.
Some details of the rotated G2-structure SUSY conditions are given and cycles and Page
charges, that will be of interest in penultimate section, are introduced.
Section 4 is where the new results begin, the reader familiar with the salient features of
the Maldacena-Nastase solution and its G2-structure rotation may wish to start here. The
section begins with a brief review of non-abelian T-duality on SU(2)-isometries before the
dual geometry is presented in as concise way as possible. After this attention is turned
to the generalised geometric description of the dual soluition. It is shown that the dual
structure is dynamic SU(3) in 7-d which is characterised by a non-constant angle between
the two 10-d MW Killing spinors of type-IIA. Finally some cycles and Page charges are
introduced that will be important in the field theory analysis.
Section 5 contains a field theory analysis of each of the solutions presented in the
previous sections. The analysis of the deformed Maldacena-Nastase and its G2-structure
rotation is mostly a review of what can be found in [3, 4, 6, 35] although additional clarifi-
cations are made. In particular further details of a Seiberg like duality in the G2-structure
rotated solution are given and how this effects the Chern-Simons level, the proposal for
which is new. The analysis of the T-dual geometry suggests that it is dual to a confining
Chern-Simons like gauge theory that is potentially a 3-node quiver.
The work is finally closed with concluding remarks and an outlook in section 6
2 Wrapped D5 Branes on Σ3
The Maldacena-Nastase solution [3] is a solution of type-IIB (first presented in [1]) that
consists of D5 branes wrapping a 3-cycle in a G2-structure manifold and is dual in the
IR to N = 1 SYM in 3-d. The purpose of this section is to review its deformation due
to Canoura, Merlatti and Ramallo [4], as this constitutes more general ansatz to a set of
wrapped D5 brane solutions [4–6, 35, 36] which contain the Maldacena-Nastase solution
as a special case 1.
The string frame metric is given by:
ds2str = e
φ
(
dx21,2 + ds
2
7
)
(2.1)
where the internal part of the metric, ds27, describes a manifold supporting a G2-structure
and is given by
ds27 = Nc
[
e2gdr2 +
e2h
4
(σi)2 +
e2g
4
(ωi − 1
2
(1+ w)σi)2
]
(2.2)
The functions g, h, w and the dilaton φ all depend on the holographic coordinate r only.
σi and ωi are 2 sets of SU(2) left invariant 1-forms which satisfy the following differential
1Actually further modification of the RR 3-form is required to include sources, which is the main focus of
the majority of these references.
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relations:
dσi = −1
2
ǫijkσ
j ∧ σk; dωi = −1
2
ǫijkω
j ∧ωk (2.3)
These can be represented by introducing 3 angles for σi, (θ1, φ1,ψ1) and a further 3 for ω
i,
(θ2, φ2,ψ2) such that:
σ1 = cosψ1dθ1 + sinψ1 sin θ1dφ1
σ2 = − sinψ1dθ1 + cosψ1 sin θ1dφ1
σ3 = dψ1 + cos θ1dφ1
(2.4)
and similarly for ωi. The angles are defined over the ranges: 0 ≤ θ1,2 ≤ π, 0 ≤ φ1,2 < 2π
and 0 ≤ ψ1,2 < 4π. The solution has a non-trivial RR 3-form:
F3 =
Nc
4
[ (
σ1 ∧ σ2 ∧ σ3 − ω1 ∧ω2 ∧ω3)+ γ′2 dr ∧ σi ∧ωi+
1
4ǫijk
(
(1+γ) σi ∧ σj ∧ωk−(1+γ)ωi ∧ω j ∧ σk) ] (2.5)
which satisfies the simple Bianchi identity
dF3 = 0 (2.6)
This solution preserves N = 1 SUSY in 3-d, which is 2 real supercharges. This can be
expressed in terms of the following differential constraints on an associative 3-form Φ3:
d
(
e2A−φ
)
= 0
Φ3 ∧ dΦ3 = 0
d
(
e2A−φ ⋆7 Φ3
)
= 0
d
(
e3A−φΦ3
)
+ e3A ⋆7 F3 = 0
(2.7)
where A = φ/2. Generically the 3-form Φ3 may be expressed in terms of an auxiliary
SU(3)-structure as [19]:
Φ3 = e
r ∧ J + ReΩhol, ⋆7 Φ3 = 12 J ∧ J + ImΩhol ∧ e
r (2.8)
a convenient set of vielbeins for the metric are given by
exi = eφ/2dxi, e
r =
√
Nce
φ/2+gdr, ei =
√
Nc
eφ/2+h
2 σ
i,
eiˆ =
√
Nc
eφ/2+g
2
(
ωi − 12(1+ w)σi
) (2.9)
with respect towhich auxiliary SU(3)-structure of the deformedMaldacena-Nastase back-
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ground can be expressed as [5, 20]:
J = e1ˆ ∧ e1 + e2ˆ ∧ e2 + e3ˆ ∧ e3
Ωhol = ie
iα(e1ˆ + ie1) ∧ (e2ˆ + ie2) ∧ (e3ˆ + ie3)
(2.10)
where α depends on r. Plugging eq 2.10 into eq 2.7 gives rise to a set of first order dif-
ferential equations that are presented, for example, in appendix A of [6]2. The solution
of these equations is only known semi analytically in the IR and UV, but it is possible to
numerically interpolate between these two sets of series solutions.
In the IR where r ∼ 0 the solution is regular and is given by
e2g = g0 +
(g0 − 1)(9g0 + 5)
12g0
r2 +O(r4),
e2h = g0r
2 − 3g
2
0 − 4g0 + 4
18g0
r4 +O(r6),
w = 1− 3g0 − 2
3g0
r2 + O(r4),
γ = 1− 1
3
r2 + O(r4),
φ = φ0 +
7
24g20
r2.
(2.11)
Notice that g0 = 1 seems to be special, the solution to e2g truncates and γ = w, indeed this
persists to all orders in r. This is the Maldacena-Nastase solution, its UV expansion about
r ∼ ∞ is characterised by an asymptotically linear dilaton
e2g = 1,
e2h = 2r + h0 +
1
8r
+
1− 2h0
32r2
+O(r−3),
w =
1
4r
+
5− 4h0
32r2
+O(r−3),
γ = w,
φ = φ∞ + r− 3
8
log r− 3h0
16r
+ O(r−2).
(2.12)
where the constant needs to be fine tuned to the value h0 = − 32 so that the IR and UV
numerically matched.
When g0 > 1 the solution is a deformation of Maldacena-Nastase characterised by an
2There a flavour brane profile P(r) is also considered which should be set to zero when there are no
sources.
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asymptotically constant dilaton
e2g = ce4r/3 − 1+ 33
4c
e−4r/3 + O(e−8r/3),
e2h =
3c
4
e4r/3 +
9
4
− 77
16c
e−4r/3 +O(e−8r/3),
w =
2
c
e−4r/3 +O(e−8r/3),
γ =
1
3
+O(e−8r/3),
φ = φ∞ +
2
c2
e−8r/3 + O(e−2r).
(2.13)
at higher orders polynomial terms also appear and a sub expansion in odd powers of
e−2r/3 has been set to zero [6]. The UV constant c must be tuned for specific choices of the
IR constant g0 such that the series solutions may be smoothly connected numerically.
It is possible to show that the flux equation of motion
d ⋆ F3 = 0 (2.14)
is satisfied once eq 2.7 is imposed and likewise are Einstein’s equations and the dilaton
equation of motion. The last line of eq 2.7 gives a definition of the potential C6 such that
dC6 = F7:
C6 = e
3AVol3 ∧Φ3 (2.15)
There are several important 3-cycles in the geometry which are related to gauge the-
ory observables that shall be discussed at length in section 5 , these are:
S3 = {σi|ωi = 0}, S˜3 = {ωi|σi = 0}, Σ3 = {σi = ωi}. (2.16)
The induced metrics on S3 and S˜3 are non-vanishing in the whole geometry and are thus
suitable for defining flux quantisation. The integrals of F3 on these cycles give respectively∫
S3
F3 = −
∫
S˜3
F3 = 2κ10T5Nc. (2.17)
once one sets 2κ10 = (2π)
7 and Tp =
1
(2π)p
. The pullback of F3 onto Σ
3 is zero, while the
induced metric
ds2
Σ3
=
eφNc
4
[
e2h +
e2g
4
(w− 1)2
]
(σi)2 (2.18)
vanishes in the IR and blows up in the UV. This is the 3-cycle on which the D5 branes are
wrapped, their world volume becomes 3-dimensional in the IR as the cycle shrinks to zero
but the background remains non-singular because F3 vanishes on Σ
3.
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3 Solution Generating Technique I: G2-Structure Rotation
In [5] a solution generating technique was found by Gaillard and Martelli that maps any
unwarped type-IIA G2-structure solution with asymptotically constant dilaton and NS
3-form flux H to a more exotic G2-structure solution with a non-trivial RR sector. This
method of solution generating is referred to as Rotation, as it acts on the space of Killing
spinors thus, but can also be viewed as a U-duality3.
If one dimensionally reduces the M-theory solution of [28] one is left with a G2-
structure solution in type-IIA. Its string frame metric is:
ds2str = e
2∆+2φˆ/3(dx21,2 + dsˆ
2
7) (3.1)
where φˆ is the dilaton and dsˆ27 is any G2-structure manifold. The condition that N = 1
SUSY is preserved can be expressed as the following differential relations between the
fluxes, the 3-form Φˆ3 and a phase ζ:
Φˆ3 ∧ dΦˆ3 = 0
d(e6∆ ⋆7 Φˆ3) = 0
d(e2∆+2φˆ/3 cos ζ) = 0
2dζ − e−3∆ cos ζd(e3∆ sin ζ) = 0
1
cos2 ζ
e−4∆+2φˆ/3 ⋆7 d(e6∆ cos ζΦˆ3) = H3
Vol3 ∧ d(e3∆ sin ζ)− sin ζcos2 ζ e−3∆d(e6∆ cos ζΦˆ3) = F4
(3.2)
The central observation of Gaillard and Martelli was that if one sets ζ = 0 eq 3.2 truncates
to the S-dual of eq 2.7, that is:
Φ
(0)
3 ∧ dΦ(0)3 = 0
d(e−2φ(0) ⋆7 Φ
(0)
3 ) = 0
e2φ
(0)
d(e−2φ(0)Φ(0)3 ) + ⋆7H3 = 0
(3.3)
and the metric is simply
ds2(0) = dx
2
1,2 + ds
(0)2
7 . (3.4)
Any solution of this simplified systemwill also be a solution of eq 3.2 when the following
3for closely related work on SU(3)-structure rotations in IIB see, for example, [22–25] and for U-duality
[26, 27]
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identifications are made:
Φˆ3 =
(
cos ζ
κ1
)3
Φ
(0)
3 , e
2φˆ = cos ζκ1 e
2φ(0)
e3∆ =
(
κ1
cos ζ
)2
e−φ(0) , dsˆ27 =
(
cos ζ
κ1
)2
ds
(0)2
7 , sin ζ = κ2e
−φ(0)
(3.5)
where κ1 and κ2 are integration constants and φ
(0) must be bounded to satisfy the last
equation.
It is possible to perform a rotation of the deformed Maldacena-Nastase solution, de-
tailed in the last section, once an S-duality has been performed on it. This sends
F3 → H3, φ→ φ0 = −φ, ds2str → e−φds2str (3.6)
so that the resulting metric is unwarped. Specifically it is the solution with UV given by
eq 2.13 that is suitable for this as the dilaton is bounded. The 3-form, Φ
(0)
3 is still given by
eq 2.8 but with the auxiliary SU(3)-structure of eq 2.10 with no dilaton factor
eˆa = e−φ/2ea. (3.7)
As the solution is now in the common type-II NS sector it can be viewed as a type-IIA
theory, as required by the rotation. The interested reader is referred to [5] for further
details of the solution generating algorithm.
The rotated solution has a warpedmetric and modified dilaton, which after fixing the
integration constants and rescaling the field theory coordinates may be expressed as:
ds2str =
1
c
√
H
dx21,2 +
√
Hds27
e2φˆ = c
√
He2(φ
(0)−φ∞)
H = 1− e−2(φ(0)−φ∞)
(3.8)
where φˆ is the new dilaton, φ∞ is the UV value of φ
(0) and c is a constant which appears
in the UV series solutions to the BPS equations [6], but which will not play an important
role here. The metric in string frame tends in the UV towards AdS4 × Y where Y is the
metric at the base of a G2-cone, however the dilaton is not constant, e
2φˆ ∼ e−8r/3, and so
the solution does not enjoy full conformal symmetry.
The NS 3-form is unchanged but an RR 4-form has been generated:
H3 =
Nc
4
[ (
σ1 ∧ σ2 ∧ σ3 − ω1 ∧ω2 ∧ω3)+ γ′2 dr ∧ σi ∧ ωi+
1
4ǫijk
(
(1+γ) σi ∧ σj ∧ωk−(1+γ)ωi ∧ω j ∧ σk) ]
F4 = − 1c2 Vol3 ∧ dH−1 +
√
Nc√
c
e2(φ∞−φ(0)) ⋆7 H3
(3.9)
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these obey the Bianchi identities
dH3 = 0, dF4 = 0 (3.10)
and flux equations of motion
d ⋆ F4 + H3 ∧ F4 = 0
d(e−2φˆ ⋆ H3)− 12F4 ∧ F4 = 0
(3.11)
One can use eq 3.2 to define a canonical potential C3 such that dC3 = F4
C3 =
1
c2
Vol3 ∧ dH−1 + 1√
c
e2(φ∞−φ
(0))Φ
(0)
3 . (3.12)
In [6] some cycles of interest were identified. Those that give flux quantisation are:
Σˆ3 = Σ3 = {σi = ωi}, Σˆ6 = {σ1, σ2, σ3,ω1,ω2,ω3}. (3.13)
The Maxwell and Page charges [30] coincide for the NS5 brane (as they did for the D5
brane in the previous section). However the flux equation of motion for F4 implies that
this is not so for the D2 brane and it is only the Page charge that is quantised for this
object. Define F6 = − ⋆ F4, then the following charges are quantised.
QNS5 = − 1
4π2
∫
S˜3
H3 = Nc
QD2 = − 1(2π)5
∫
Σ6
(
F6 + H3 ∧ C3
)
= 0 mod Nc.
(3.14)
Actually substituting eq 3.12 into the definition of QD2 gives zero, but C3 is not a gauge
invariant quantity and this gives rise to non-zero integers under the large gauge trans-
formation. Let QD2 = Mc then consider the large gauge transformation C3 → C3 + ∆C3
where
∆C3 = −π
4
[
σ1 ∧ σ2 ∧ σ3 + ω1 ∧ω2 ∧ω3
]
. (3.15)
This will shift the Page charge as QD2 → Mc − Nc.
Another cycle with interesting properties is the 2-cycle at constant r:
Σˆ2 = {θ1 = θ2, ϕ1 = ϕ2|ψ1 = ψ2 = Constant} (3.16)
On this cycle F4 vanish and the induced metric
ds2
Σˆ2
=
Nc
4
√
H
(
e2h +
e2g
4
(w− 1)2)(dθ21 + dϕ21), (3.17)
has vanishing volume in the IR and constant volume in the UV.
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4 Solution Generating Technique II: non-Abelian T-duality
It was relatively recently that a method of performing T-duality on non-abelian isometries
was realised for backgrounds with non-zero RR fluxes [8]. This has been the focus of some
study in recent years [9, 10, 13–16] with the aim of utilising the duality as a SuGra solution
generating technique in the context of the gauge-gravity correspondence.
The purpose of this section is to present the first non-abelian T-dual of a background
with minimal SUSY in 3-d, specifically a dual of deformed Maldacena-Nastase along an
SU(2) isometry. First however the duality procedure shall be briefly reviewed.
4.1 A Concise Review
A general prescription for performing an SU(2) non-abelian T-duality is presented in [15],
with more generic isometries considered in [9]. Here the more salient details of the SU(2)
isometry case will be laid out.
A generic metric and NS 2-form of a background containing an SU(2) isometry are
ds2 = Gµνdx
µdxν + 2Gµidx
µLi + gi jL
iLj
B = Bµνdx
µdxν + Bµidx
µLi +
1
2
bijL
i ∧ Lj
(4.1)
where Li are SU(2) left invariant 1-forms parametrised by Euler angles θ, ϕ, ψ, along
which the duality is performed and µ = 0, 1, ...6 are spectator coordinates. The dilaton is
φ which can depend on any of the spectator coordinates. A basis of vielbeins for such a
solution can be written as
eA = eAµ dx
µ, ea = κaj L
j + λaµdx
µ (4.2)
where A = 0, 1, ..., 6 and a = 1, 2, 3.
The NS sector defines a sigma model with action given by
S =
∫
d2σ
(
Qµν∂+X
µ∂−Xν + Qµi∂+XµLi− + QiµLi+∂−Xν + EijLi+L
j
−
)
(4.3)
where
Qµν = Gµν + Bµν, Qµi = Gµi + Bµi, Qiµ = Giµ + Biµ, Eij = gij + bij (4.4)
The T-dual sigma model can then be calculated by performing a Buscher procedure. This
consists of gauging the SU(2) isometry and adding a Lagrange multiplier term to impose
flatness of the connection. After the multiplier term is integrated by parts the gauge fields
can be solved for which gives the T-dual sigma model. At this point there are actually 3
more coordinates than required, namely (θ, ϕ,ψ, v1, v2, v3), the redundancy must be elim-
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inated by choosing a gauge. This may be parametrised by the matrix
D =

 cos θ cosψ cos ϕ− sinψ sin ϕ cos θ sinψ cos ϕ+ cosψ sin ϕ − sin θ cos ϕ− cos θ cosψ sin ϕ− sinψ cos ϕ cosψ cos ϕ− cos θ sinψ sin ϕ sin θ sin ϕ
sin θ cosψ sin θ sinψ cos θ


(4.5)
such that the dual coordinates given by
v˜ = DTv (4.6)
for v = (v1, v2, v3). The action of the T-dual sigma model can be written as
S˜ =
∫
d2σ
(
Qµν∂+X
µ∂−Xν + (∂+v˜i + ∂+XµQµi)M−1ij (∂−v˜j − Qjν∂−Xν)
)
(4.7)
and the Buscher rules defining the dual NS sector may be read off from
Q˜µν = Qµν − QµiM−1ij Qjν, E˜ij = M−1ij
Q˜µi = QµjM
−1
ji , Q˜iµ = −M−1ij Qjµ
(4.8)
where the dual dilaton and the matrix M are given by
e−2φ˜ = det Me−2φ, Mij = Eij + ǫijk v˜k. (4.9)
The RR sector is calculated in a different way. It is possible to define both left and
right moving dual vielbeins
e → e˜+ = −κM−T(dv + QTdX) + λdX, e → e˜− = κM−1(dv−QdX) + λdX. (4.10)
But because they both define the same geometry these vielbeins must be equivalent up to
a Lorentz transformations. Indeed they are and the transformation may be expressed as:
Λ = −κ−T MM−TκT (4.11)
this may then be used to define an action on spinors given by a matrix Ω by demanding
that
Ω−1ΓaΩ = ΛabΓ
b (4.12)
After some work, the details of which may be found in [15], it can be shown that the
solution to this constraint is given by
Ω = Γ11
−Γ123 + ζaΓa√
1+ ζ2
(4.13)
where
ζa =
κai (b
i + v˜i)
det κ
, bij = ǫijkbk (4.14)
– 11 –
This gives the object needed to generate the dual RR sector. One constructs polyforms out
of the RR fields of both type IIA and IIB SuGra
FI IA =
5
∑
n=0
F2n, FI IB =
4
∑
n=0
F2n+1 (4.15)
where higher forms are related to lower forms via Fn = (−1)Int[n/2] ⋆ F10−n. These are then
mapped to bispinors under the Clifford map:
X =
1
p!
Xµ1,...µpe
µ1 ∧ ...∧ eµp → /X = 1
p!
Xµ1,...µpΓ
µ1,...µp (4.16)
where it is possible to make the identification
eφ˜/F I IA = e
φ/F I IBΩ
−1 (4.17)
from which the dual RR sector may be extracted.
One should realise that the method laid out in this section is not the only one that
may be used to generate the NS and RR sectors of a non-abelian T-dual solution. An
alternative is to use a consistent truncation to 7-d and match the original solutions there
[10]. Another interesting method is given by [12] where topological defects that generate
the duality are constructed. This later method guarantees the Bianchi identities, but has
not yet been shown to match the other methods in all cases. Finally this section has only
discussed the dualising along SU(2) isometries acting without isotropy, for more general
isometries the interested reader is referred to [9].
4.2 non-Abelian T-dual of wrapped D5 branes on Σ3
In this section a non-abelian T-duality is performed on the wrapped D5 brane solution
of section 2. It acts along the SU(2) isometry parametrised by ωi and gauge fixing is
imposed such that:
v1 = θ2 = φ2 = 0. (4.18)
The dual NS sector is by,
e−2Φ = det Me−2φ,
det M =
1
8
N3c e
6g+3φ + Nce
2g+φv22 + Nce
2g+φv23,
(4.19)
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for the dual dilaton Φ,
B2 =
(w + 1)Nce2g+φ
(
N2c e
4g+2φ + 8v23
) (
σˆ1 ∧ dv2 − dv3 ∧ σ3
)
16
√
2 det M
−
v2(w + 1)Nce2g+φ
(
v3σˆ
1 ∧ dv3 − v3dv2 ∧ σ3
)
2
√
2 det M
+
v2(w + 1)N3c e
6g+3φσˆ2 ∧ dψ2
16
√
2 det M
−
(v2 − v3) (v2 + v3) (w + 1)Nce2g+φσˆ1 ∧ dv2
2
√
2det M
+
v2Nce
2g+φ (v2dv3 ∧ dψ2 − v3dv2 ∧ dψ2)√
2 det M
−
(w + 1)2N3c e
6g+3φ
(
v2σˆ
2 ∧ σ3 + v3σˆ1 ∧ σˆ2
)
32
√
2 det M
(4.20)
for the NS two-form potential and
dsˆ2 = eφ
[
dx21,2 + e
2gdr2 +
e2h
4
(
(σˆ1)2 + (σˆ2)2 + (σ3)2
) ]
+
1
4det M
[
v2v3(w + 1)N
2
c e
4g+2φσˆ1
(
dψ2 − 1
2
(w + 1)σ3
)
+
(w + 1)N2c e
4g+2φσˆ2 (v3dv2 − v2dv3) + v22N2c e4g+2φ
(
dψ2 − 1
2
(w + 1)σ3
)2
+
1
4
v23(w + 1)
2N2c e
4g+2φ(σˆ1)2 +
1
4
(
v22 + v
2
3
)
(w + 1)2N2c e
4g+2φ(σˆ2)2+(
N2c e
4g+2φ
(
dv22 + dv
2
3
)
+ 8 (v2dv2 + v3dv3)
2
) ]
(4.21)
for the dual metric. The new hatted 1-forms are simply a rotation in σ1,σ2:
σˆ1 = cosψ2σ
1 − sinψ2σ2; σˆ2 = sinψ2σ1 + cosψ2σ2; (4.22)
that enables compact expressions.
The RR sector of the solution is rich including a quantised F0 meaning that the solu-
tion is massive type-IIA. In order to express them compactly it is helpful to introduce the
following basis of spectator vielbeins
ex
i
= eφ/2dxi, er =
√
Nce
φ/2+2gdr, e1,2 =
√
Nce
φ/2+h
2 σˆ
1,2, e3 =
√
Nce
φ/2+h
2 σ
3
(4.23)
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with dual vielbeins given by
e1ˆ = N
3/2
c e
3g+
3φ
2
16det M
[
4
(
σˆ2
(
v22 + v
2
3
)
(w + 1) + 2 (v3dv2 − v2dv3)
)−
√
2Nce
2g+φ
(
σˆ1v3(w + 1) + 2v2
(
dψ2 − 12(w + 1)σ3
)) ]
,
e2ˆ =
√
Nce
g+
φ
2
16 det M
[
− 2√2N2c e4g+2φ
(
σˆ2v3(w + 1) + dv2
)− 16√2v2 (v2dv2 + v3dv3)−
4v3Nce
2g+φ
(
σˆ1v3(w + 1) + 2v2
(
dψ2 − 12(w + 1)σ3
)) ]
,
e3ˆ =
√
Nce
g+
φ
2
16 det M
[√
2N2c e
4g+2φ
(
σˆ2v2(w + 1)− 2dv3
)− 16√2v3 (v2dv2 + v3dv3) +
4v2Nce
2g+φ
(
σˆ1v3(w + 1) + 2v2
(
dψ2 − 12(w + 1)σ3
)) ]
,
(4.24)
which is a rotation of the rather complicated vielbeins generated by the duality procedure.
The fluxes are then:
F0 =
Nc√
2
;
F2 = − 14 e−2(g+h)−φ
[√
2
(
−e33ˆ + e22ˆ + e11ˆ
)
Nc(w− γ)e3g+h+φ−
8e2h
(
v3e
1ˆ2ˆ − v2e2ˆ3ˆ
)
− 2e2gU (e23v2 + e12v3)+
2eg+h
(
γ′
(
v3e
r3 + v2er1
)
+ 2(w− γ)
(
v3
(
e12ˆ − e21ˆ
)
− v2
(
e32ˆ + e23ˆ
))) ]
;
F4 = − (w−1)Ve
3g−3hNc
8
√
2
etx
1x2r+[
1
4V(w− 1)(v3e33ˆ − v2ee2ˆ)− 18Ue−2h−φ
(√
2Nce
1ˆ2ˆe2g+φ − 4v2e1ˆ3ˆ
) ]
∧ e12+
1
8Ue
−2h−φ
[√
2Nce
1ˆ3ˆe2g+φ + 4v2e1ˆ
2ˆ + 4v3e
2ˆ3ˆ
]
∧ e13+
γ′
8 e
−(g+h+φ)er ∧
[
4v3(e11ˆ3ˆ + e22ˆ3ˆ) + 4v2e11ˆ2ˆ − e1ˆ2ˆ3ˆ−
√
2Nc(e12ˆ3ˆ − e21ˆ3ˆ − e31ˆ2ˆ)e2g+φ
]
+ 18Ue
−2h−φe233ˆ
(√
2e2ˆNce
2g+φ − 4e1ˆv3
)
+
e−(g+h+φ)(w− γ) (e1v2 + e3v3) e1ˆ2ˆ3ˆ;
(4.25)
where the functions
V = 4+ w2 − 3wγ+ w− 3γ, U = 1+ w2 − 2wγ; (4.26)
were introduced for convenience. Its interesting to see that F4 has legs on the field theory
directions. This tells us that, like the non-abelian T-dual of wrapped D5 branes on S2 [15],
the RR sector contains magnetic fluxes of D8, D6 and D4 branes, but here there is also an
electric flux of D2 branes.
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It is simple to check that the RR fluxes automatically satisfy the Bianchi identities
dF0 = dF2 − F0H = dF4 − H3 ∧ F2 = 0. (4.27)
The flux equations of motion
d ⋆ F2 + H3 ∧ ⋆F4 = d ⋆ F4 + H3 ∧ F4 = 0 (4.28)
as well as Einsteins equations and the dilaton equation of motion all follow once eq 2.7 is
imposed. One may also confirm that NS flux obeys
d
(
e−2φ˜ ⋆ H3
)
= F0 ⋆ F2 + F2 ∧ ⋆F4 + 1
2
F4 ∧ F4 (4.29)
4.3 Supersymmetry
In this section the issue of howmuch SUSY the non-abelian T-dual background preserves
is addressed. There is a simple criterium which determines this, which is detailed in
[8, 15]. One needs to consider the Kosmann derivative along each of the Killing vectors
k associated with the isometry on which one wishes to dualise. This acts on the Killing
spinors of the initial solution ǫ and is given by
Lkǫ = kµDµǫ+ 14∇µkνΓ
µνǫ (4.30)
Dµ is the spinor covariant derivative while ∇µ is the ordinary covariant derivative of the
geometry. The Kosmann derivative should vanish along the isometry of the dualisation.
Each additional projective constraints that needed to be imposed to ensure this reduces
the SUSY of the non-abelian T-dual by half. If no new constraints are required then all the
SUSY of the original background is preserved.
The Killing vectors associated with the relevant SU(2) isometry of the metric eq 2.1
are,
k(1) = − cos ϕ2∂θ2 + cot θ2 sin ϕ2∂ϕ2 − csc θ2 sin ϕ2∂ψ2
k(2) = − sin ϕ2∂θ2 − cot θ2 cos ϕ2∂ϕ2 + csc θ2 cos ϕ2∂ψ2
k(3) = −∂ϕ2
(4.31)
and it is possible to show that
Lk(1)ǫ = Lk(2)ǫ = Lk(3)ǫ = 0 (4.32)
where ǫ only depends on r (Appendix B of [4] provides further details). Thus one expects
the non-abelian T-dual of wrapped D5 branes on Σ3 to preserveN = 1 SUSY.
A more explicit check that SUSY is preserved was provided by [16], which shows
how non-abelian T-duality acts on the g-structure of the original geometry. The original
geometry supports a G2-structure, which is characterised by parallel ǫ1 and ǫ2 in ǫ =
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(ǫ1, ǫ2)
T. The SUSY conditions of the G2 may be written in terms 2 real 7-d bispinors [19]
Ψ+ = 1− ⋆7Φ3, Ψ− = −Φ3 + Vol7 (4.33)
that obey the conditions [20]
< Ψ1, F >= 0
(d− H3∧)(e2A−φΨ1) = 0
(d− H3∧)(e3A−φΨ2) + e3A ⋆7 λ(F) = 0.
(4.34)
These are the conditions forN = 1 for a generic G2 × G2 structure manifold, where e2A is
the warp factor of the Minkowski directions, λ(Xp) = (−1) p(p−1)2 Xp and < A, B > is the
Mukai pairing which selects the 7-d part of X ∧ λ(Y). As the original solution is in type-
IIB one should identify Ψ1,2 = Ψ+,−, with the opposite identification made in type-IIA.
The relevant observation of [16] is that non-abelian T-duality acts on the bispinors of the
geometry as
/˜Ψ+ = /Ψ−Ω−1
/˜Ψ− = /Ψ+Ω−1
(4.35)
it is possible to show (in Mathematica) that eq. 4.34 is satisfied with Ψ1,2 = Ψ˜−,+ and
F and H3 given by eq 4.25 and eq 4.20 respectively, which shows that N = 1 SUSY is
preserved. The action of non-abelian T-dual on the 10-d MW Killing spinors is:
ǫ˜1 = ǫ1, ǫ˜2 = Ω.ǫ2 (4.36)
which is a rotation. Since the G2-structure of the original geometry requires that the
spinors are parallel, the dual structure must be something more exotic. To identify the
structure of the dual geometry it is sufficient to calculate how the Ω matrix transforms
the G2-structure spinors. There exists a basis
4 such that the projections the original killing
spinor obeys are given by
Γr1ˆ2ˆ3ˆǫ = ǫ, Γ11ˆǫ = Γ22ˆǫ = Γ33ˆǫ. (4.37)
One may decompose the 10-d geometry into a 3+7 split using an auxiliary 2-d space so
that the gamma matrices are given by
Γµ = γµ ⊗ σ3 ⊗ 1
Γa = I⊗ σ1 ⊗ γa
Γ(10) = −I⊗ σ2 ⊗ I
(4.38)
4This is a rotation of the basis of eq 2.9 such that e1 → cos αe1 − sin αe1ˆ and e1ˆ → cos αe1ˆ + sin αe1 with all
other vielbeins unchanged.
– 16 –
where µ = 0, 1, 3 and a = 1, 2, 3, 1ˆ, 2ˆ, 3ˆ. The killing spinor may be decomposed such that
they have positive chirality as
ǫ1,2 = ξ ⊗
(
1
−i
)
⊗ χ (4.39)
where ξ and χ are spinors in 3-d and 7-d respectively. In such conventions the 3 form
associated to G2 is then given by Φabc = −iχ¯γabcχ. It is possible to show that in this
decomposition the T-dual Killing spinors are given by
ǫ˜1 = ξ ⊗
(
1
−i
)
⊗ χ˜1, ǫ˜2 = ξ ⊗
(
1
i
)
⊗ χ˜2 (4.40)
which have the correct chirality for type-IIA. Using the projections of eq 4.37 the 7-d
spinors may be massaged into the form
χ˜1 = χ, χ˜2 =
sin α√
1+ ζ2
χ+
√
cos2 α+ ζ2
1+ ζ2
χ⊥, (4.41)
where ζ2 = ζaζa ans ζa is given by eq 4.14. As the notation suggests χ˜2 is a sum of parts
which are parallel and orthogonal to χ˜1. The orthogonal complement to χ is
χ⊥ = iKχ, K =
cos αγr + ζ1 cos αγ1ˆ + ζ2γ2ˆ + ζ3γ3ˆ + ζ1 sin αγ{hat1√
cos2 α+ ζ2
(4.42)
where K defines the 1-form associated with an SU(3)-structure in 7-d when contracted
with the vielbeins of eq 4.105. Specifically the structure is what should be called dynam-
ical SU(3), by analogy to dynamical SU(2)-structures in 6-d [21]. This is because the
coefficients of χ and χ⊥ are not constant through out the space, in fact sin α→ 0 as r → ∞
so the structure becomes orthogonal SU(3) in the UV, but through out the whole space
the coefficients change. The details of this calculation and presentation of all the forms
associated with SU(3) shall be left for forthcoming work.
4.4 Cycles and Charges
The T-dual geometry supportsmany fluxes and so contains several different branes. Since
the internal space in 7-d, the possible quantised charges are given by
QD6 =
1
2π
∫
Σ˜2
F2 − F0B2,
QD4 =
1
8π3
∫
Σ˜4
F4 − B2 ∧ F2 + F0
2
B2 ∧ B2,
QD2 =
1
32π5
∫
Σ˜6
F6 − B2 ∧ F4 + 1
2
B2 ∧ B2 ∧ F2 − F0
6
B2 ∧ B2 ∧ B2.
(4.43)
5The contraction should be performed once the vielbeins have been rotated to the canonical frame of
footnote 4
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Sensible cycles over which to define these quantities are
Σ˜2 = {θ1, ϕ1|v2 = v3 = ψ1 = ψ2 = 0},
Σ˜4 = {θ1, ϕ1,ψ1, v2|v3 = 0,ψ2 = constant},
Σ˜6 = {θ1, ϕ1,ψ1, v2, v3,ψ2}.
(4.44)
Actually Σ˜2 shrinks to zero in the IR, but as F2 and B2 vanish on this cycle this will not
cause a singularity in the geometry as a non-zero Page charge must be pure gauge in
origin. On these cycles eq. 4.43 takes the simple form:
QD6 = 0 up to large gauge transformations,
QD4 =
1
8π3
∫
Σ˜4
Nc
2
√
2
v2 sin θ1dθ ∧ dϕ1 ∧ dψ1 ∧ dv2,
QD2 = − 1
32π5
∫
Σ˜6
Nc
4
v2 sin θ1dθ1 ∧ dϕ1 ∧ dv1 ∧ dv2 ∧ ψ2.
(4.45)
to make further progress one needs to fix the periods of the dual coordinates v2, v3. A
rigorous prescription for doing this is absent form the literature, but it is at least reasonable
to assume that they are compact. Here the periodicities shall be chosen such that
∫
v2dv2 = π,
∫
dv3 =
√
2π (4.46)
with these choices the D2 and D4 Page charges coincide with the Romans mass,
QD4 = QD2 = F0 =
Nc√
2
. (4.47)
since these objects contain explicit B2 terms in their definitions they can experience quan-
tised shifts under large gauge transformations B2 → B2 + ∆B2. For example
∆B2 =
n
2
sin θdθ1 ∧ dϕ1, ∆QD6 = n Nc√
2
, ∆QD4 = ∆QD2 = 0. (4.48)
Finally there are 2 cycles on which the induced metric takes a particularly simple
form. On Σ˜2 the induced metric is given by
ds2
Σ˜2
= Nc
e2h+φ
4
(
dθ21 + dϕ
2
1
)
(4.49)
this cycle vanishes in the IR, blows up in the UV and F2 and B2 vanish on it. The second
is the 3-sphere S3 = (θ1, ϕ1,ψ1) on which the metric is
ds2S3 = Nc
e2h+φ
4
(
dθ21 + dϕ
2
1 + 2 cos θ1dϕ1dψ1 + dψ
2
1
)
(4.50)
which has the same asymptotic behaviour as the previous cycle.
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5 Probe Analysis and Comparison of the Gauge Theories
In this section some field theory observables shall be studied via a probe brane analysis.
To begin, the results of [4] and [6] shall be reviewed to study the field theories dual to the
wrapped D5-brane solution and its G2-structure rotation respectively. A new proposal
for the Chern-Simons level of G2-structure rotated solution will be made before the non-
abelian T-dual solution is considered.
The analysis of this section will rely on two important observations. They give a
prescription for defining gauge couplings and Chern-Simons levels from probe branes.
Gauge Coupling
A gauge couplingmay be defined in terms of the DBI action of a probe Dp brane wrapping
an n-cycle, where the embedding of this brane is ξ = (t, x1, x2,Σn). In the following it shall
be assumed that the induced metric can be expressed as
ds2Dp = e
2Adx21,2 + ds
2
Σn (5.1)
where its components GˆM,N are decomposed as M = (µ, a) for µ = 0, 1, 2 and a = 1, ..., p−
2. In addition the only non-zero part of the world volume gauge field F and pull back of
B2 will be
Fµν, Bˆab. (5.2)
and the dilaton shall be φ. The DBI action of this probe Dp brane may be factorised into
R
1,2 and Σp−2 parts
S
Dp
DBI = −TDp
∫
Mp+1
dp+1ξe−φ
√
−det (GˆMN + BˆNM + 2πα′FMN)
= −TDp
∫
R1,2
d3x
√
−det(Gˆµν + 2πα′Fµν)
∫
Σp−2
d(p−2)Σe−φ
√
det(Gˆab + Bˆab).
(5.3)
One may then expand the R1,2 determinant for small values of α′, which leads to
√
−det(Gˆ + 2πα′F) = e3A
√
−det(I + 2πα′Gˆ−1F)
= e3A
[
1− (2πα
′)2
4
e−4Atr(η−1Fη−1F) +O(α′)4
] (5.4)
where indices have been suppressed. tr(η−1Fη−1F) ≡ FµνFµν is the standard object ap-
pearing the in YM action
SYM =
1
4g2
∫
d3xFµνF
µν (5.5)
and so one may relate the α′ 2 term in the expansion of eq 5.3 to this coupling which leads
to the identification
1
g2
= TDp
∫
Σp−2
d(p−2)Σe−φ−A
√
det(Gˆab + Bˆab) (5.6)
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A second way one can define a gauge coupling is with a Euclidean Dp brane. The DBI
action of such a brane will wrap a compact (p+1)-cycle Σp+1 in the internal space and is
given by
S
Dp
Euclid = Tp
∫
Σp
d(p+1)Σe−φ
√
det
(
Gˆab + Bˆab
)
(5.7)
This can be identified with the action of an instanton
e−Sinst = e−
8π2
g2 (5.8)
Thus for a Euclidean Dp brane can give a gauge coupling
8π2
g2
= Tp
∫
Σp
d(p+1)Σe−φ
√
det
(
Gˆab + Bˆab
)
(5.9)
In 4-d one would also include theWZ term to define a Θ angle. However the ideas behind
this do not necessarily extend to 3-d so this term will be ignored here.
Chern-Simons level
A Chern-Simons level can be be extracted from the WZ action of a Dp brane with embed-
ding ξ = (t, x1, x2,Σn) in a similar fashion. The exact prescription is dependent on what
conventions are being used. For instance in conventions such that the RR ployform may
be expressed as
Fpoly = dC− H3 ∧ C + F0eB2 (5.10)
where C is the sum over the potentials of type-IIA or type-IIB (Additionally F0 should be
taken to be zero in this case). Define also the Page charge of D(10-p) brane on a (p− 2)-
cycle Σ(p−2) to be
QD(10−p) =
s(10−p)
2κ210T(10−p)
∫
Σ(p−2)
(
Fpoly ∧ e−B − F0
)
, (5.11)
where −F0 ensures that the D8 brane Page charge, which is really a mass is not included.
The orientation of the cycle is parametrised by s(10−p) = ±1. Finally the WZ action of a
Dp-brane shall be given by
S
Dp
WZ = s
′
pTp
∫
Mp+1
C ∧ e−Bˆ2−2πα′F (5.12)
where the action is allowed to come with an overall positive or negative sign, i,e. s′p = ±1.
A Chern-Simons term in a gauge theory is given by the action
SCS = − k
4π
∫
d3xLCS = − k
4π
∫
d3xtr(dA ∧ A + 2
3
A ∧ A ∧ A) (5.13)
where A is a gauge field with field strength F = dA + A ∧ A and so dLCS = F ∧ F. The
order F ∧ F term in 5.12 may be manipulated by adding an exact to give a Chern-Simons
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term,
d
[
C ∧ e−B2 ∧ LCS
]± C ∧ e−B2 ∧ F ∧ F = (dC− H3 ∧ C) ∧ e−B2 ∧ LCS
=
(
Fpoly ∧ e−B2 − F0
) ∧ LCS. (5.14)
where the +/− sign is for IIA/IIB. The Chern-Simons term is then given by
SCS = s
′
p
(2πα′)2
2
Tp
∫
Σ(p−2)
(
Fpoly ∧ e−B2 − F0
) ∫
R1,2
LCS
= −Q
D(10−p)
4π
∫
R1,2
LCS
(5.15)
where s′ps10−p = −1 and 2κ210TpT10−p = (2π)−3 have been used. This shows quite gener-
ally that the WZ action of a Dp brane contains a Chern-Simons coupling of level Q10−p.
Actually this is not the whole story as the true Chern-Simons level can experience an ad-
ditional shift when all the p-dimensional KK modes are integrated out. Extra care must
be taken when different conventions are used, indeed this is the case in the G2-structure
rotated solution, where further details will be given.
5.1 Wrapped D5 Branes and N = 1 SYM with Gauge Group SU(Nc) Nc
2
The solution of wrapped D5 Branes on Σ3 is dual in the IR toN = 1 SYM in 3 dimensions.
It contains Nc color branes as can be seen from the flux quantisation condition
− 1
4π2
∫
S˜3
F3 = Nc (5.16)
so the gauge group is SU(Nc). The geometry only gives a good holographic description
of a field theory in 3-d in the IR where r ∼ 0. This is because Σ3 vanishes in the IR and the
QFT living on the wrapped D5 branes is effectively 3 dimensional there, however in the
UV the cycle blows up and the world volume is explicitly 6 dimensional.
A suitable definition of the gauge coupling is given by a probe D5-brane extended
along Minkowski and wrapping Σ3. Once a gauge field F with legs in the Minkowski
directions is turned on, the action of such a brane is given by
Sprobe = T5
∫
R1,2×Σ3
d3xdΣ3e−φ
√
−det(Gind + 2πα′F), (5.17)
there is no WZ contribution as F3 = 0 on Σ3. At this stage it will be instructive to reintro-
duce gs and α
′ so that the induced metric is given by
ds2ind = e
φ
[
dx21,2 +
α′gs Nc
4
(e2h +
e2g
4
(w− 1)2)(σi)2
]
(5.18)
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this and the fact that (2π)2α′ 3gsT5 = 1 gives the following α′ expansion of the DBI action,
Sprobe = −
√
gs NcNc
16π3α′ 3/2
e2φ
(
e2h +
e2h
4
(w− 1)2)3/2 ∫ d3x[1− 2π2e−2φFµνFµνα′ 2 + ...] (5.19)
where indices are contracted with the Minkowski metric. One can then identify F2 term
with the Yang-Mills action and make the identification
2π
g2Nc
=
√
gsNcα′
(
e2h +
e2g
4
(w− 1)2)3/2. (5.20)
which gives a coupling of mass dimension 1, as it should have in 3-d. The RHS of eq. 5.20
blows up in the UV and vanishes in the UV, which is consistent with the asymptotic free-
dom and confinement on expects of SYM in 3-d. The second of these is further supported
by a Wilson loop calculation as in [4, 35], which gives an area law with string tension
σ = 12πα′ e
φ0 .
One can also calculate the Chern-Simons level from a probe brane. Consider a D5-
brane extended along Minkowski and wrapping S3, the WZ action of such a brane is
SWZ = T5
∫
R1,2×S3
(
C6 + (2πα
′)2C2 ∧ F ∧ F), (5.21)
where F is once more a world volume gauge field with legs in the field theory directions.
Integrating the second term in this action by parts gives the Chern-Simons action [3]
− 1
16π3
∫
S3
F3
∫
d3xtr
(
dA +
2
3
A ∧ A ∧ A) = − k6
4π
∫
d3xLCS. (5.22)
where k6 = Nc. There is no gs or α′ factors because they cancel with those in F3 once they
are reimposed. The k6 here is to distinguish this object from the true CS level k which
gets an extra contribution when one integrates out all the 6-d Kaluza Klein modes6 . The
Chern-Simons level is then
k = k6 − Nc
2
=
Nc
2
(5.23)
which is half integer as one expects due to the parity anomaly in 3-d.
The wrapped D5-brane solution has two distinct UV solutions characterised by an
asymptotically linear and constant dilaton, i.e. eq 2.12 and eq 2.13. The field theoretic
interpretation for this is that the constant dilaton solutions have an irrelevant operator
insertion in their Lagrangian.
5.2 The G2-structure Rotation and a 2-node Quiver Chern-Simons Theory
In [6] much of the gauge theory analysis of the G2-structure rotated solution was per-
formed. It was concluded that the gauge group was that of a 2 node quiver of the form
SU(rl)× SU(rs), where rl > rs, by analogywith the baryonic branch of Klebanov-Strassler.
The objects that must give rise to the ranks of this product group are the Page charges of
6Specifically this it is integrating the massive fermions that generates the shift [3]
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the D2 andNS5 branes. As explained at length in [33], under a Seiberg duality the ranks of
the gauge groups transform as r′l = rs and r
′
s = 2rs − rl . It is possible to see this manifestly
in the supergravity solution if one defines
QNS5 = rl − rs, QD2 = rs. (5.24)
The Page charges on the LHS of these equalities transform under the large gauge transfor-
mation of eq 3.15 in precisely the same way as the ranks on the RHS do under a Seiberg
duality. Thus large gauge transformations are equivalent to Seiberg duality. This along
with the fact that there is a running integral of C3 at infinity [6] is very suggestive of a
duality cascade, once more by analogy with Klebanov-Strassler. It is reasonable then to
propose that in the UV, where QD2 = Mc, the gauge group is SU(Nc + Mc) × SU(Mc)
and this then cascades down in ranks as one flow towards the IR terminating at SU(Nc)
as Klebanov-Strassler does.
It is possible to define two couplings for this quiver7, g1 and g2 in the same spirit as
in the previous section. A probe D4 brane with (t, x1, x2, Σˆ2), with Σˆ2 as in eq 3.16 defines
a coupling
4π2
g21Nc
=
√
α′eφ∞−φ
0√
H
(
e2h +
1
4
e2g(w− 1)2). (5.25)
while a probe D2 brane extended in Minkowski can be used to define the coupling
1
g22
=
√
α′
gs
eφ∞−φ
0
(5.26)
where both of these couplings have mass dimension 1 as they should. The LHS of eq 5.25
vanishes at r ∼ 0 and becomes constant as r → ∞. This indicates that the coupling g1
is consistent with confinement in the IR and dilation invariance in the UV. On the other
hand the LHS of eq 5.26 interpolates between a smaller and larger constant between the IR
and the UV respectively. In [6] the difference in the IR behaviour of g2 was interpreted as
a signal of a confining Chern-Simons term dominating the gauge theory dynamics there.
This can be understood because in a YM-CS like theory the level k induces an effective
mass for the gauge field, g2YM|k|, which causes the Yang-Mills coupling to freeze at a con-
stant value in the IR. Further evidence of confinement is given byWilson loop calculations
which obey an area law with string tension σ = (c
√
1− e2(φ∞−φ0))−1. However a proposal
for the Chern-Simons term which is claimed to be dominating the dynamics in the IR has
been absent from the literature until now, the expression is provided below.
Indeed consider a probe D8 brane with embedding (t, x1, x2, Σˆ6) on which a world
volume gauge field is turned on with support in the Minkowski direction, the order F ∧ F
term of the WZ action of such a brane is
SCS = − (2πα
′)2T8
2
∫
R1,2×Σ6
(
C5 + B2 ∧ C3) ∧ F ∧ F (5.27)
7In [6] a 3rd coupling is also proposed in terms of a D2 instanton, however this is probably not a good
definition because the the WZ term is not quantised
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the integrand can be manipulated by adding an exact
(
C5 + B2 ∧ C3) ∧ F ∧ F + d
[
(C5 + B2 ∧ C3) ∧ LCS
]
=
(
F6 + H3 ∧ C3) ∧ LCS (5.28)
where F6 = dC5 + B2 ∧ F4, F4 = dC3 and F ∧ F = dLCS have been used. Plugging this back
into eq. 5.27 and taking note of the definition of the D2 Page charge in eq. 3.14 gives
SCS = −QD2
4π
∫
R1,2
LCS (5.29)
thus if one takes into account the definitions of the ranks in eq 5.24, a Chern-Simons level
can be defined which is equal to the rank of smaller group
kˆ = rs. (5.30)
Of course it is possible that the level will experience a shift when one integrates out the
8-d KK modes, therefore this result should be viewed as correct up to the possible effect
of this subtlety. Clearly kˆ is not a fixed number from the perspective of supergravity, it
shifts under large gauge transformations of C3, however it is always quantised as a Chern-
Simons level must be. In eq 5.29 only the positive orientation of Σˆ6 is considered, indeed
it is possible to define another with the negative orientation, ie k1 = −k2 = k. This is what
happens in the ABJM [34] where the AdS4 × S7/Zk geometry in M-theory is dual to the
2 node quiver SU(N)−k × SU(N)k. This suggests that the quiver of the rotated solution
could be SU(rl)−rs × SU(rs)rs by analogy with ABJM. If this is correct the effect of the
Seiberg-like duality of eq 5.24 on the field theory is such that
G = SU(Nc + Mc)−kˆ × SU(Mc)kˆ , kˆ = Mc (5.31)
becomes
G′ = SU(Mc − Nc)−kˆ′ × SU(Mc)kˆ′ , kˆ′ = Mc − Nc (5.32)
and so clearly any cascade in the ranks of the groups must be associated with a corre-
sponding cascade in the Chern-Simons levels.
The G2-structure rotation acts on the SuGra solution that is dual to a QFT with an
irrelevant operator that dominates the UV. The rotation induces additional warping on the
metric by the function H which makes the new metric asymptotically AdS4, this means
that the rotated solution no longer contains this operator. These warp factors also pre-
multiply the internal space ds27 and ensure that in the UV this remains finite. The field
theory lives on the world volume of D2 and fractional D2 branes which do not unwrap
like the D5 branes of the original solution, so the rotated solution gives a good holographic
description of a 3-d gauge theory throughout the whole space. In this sense the rotation
procedure can be seen as providing a UV completion to the original QFT dual to the
wrapped D5 solution with asymptotically constant dilaton.
– 24 –
5.3 The non-Abelian T-dual: Probe Analysis
The geometry of the non-abelian T-dual of the wrapped D5 solution supports all possible
fluxes. This fact and comparison to the rotated solution suggest that the field theory is
a type of quiver. As discussed in section 4.4, it is possible to define several quantised
charges once the periods of the dual coordinates v2 and v3 are fixed. Note however that the
charges defined in eq 4.47 have a common
√
2 factor. This is an artefact of the conventions
used in the dualisation procedure, it has no deep meaning and so it makes sense to make
the redefinition
N˜c =
Nc√
2
(5.33)
where N˜c should now be thought of as integer valued. The Page charges supported by
the dual geometry are then
QD6 = 0 mod N˜c, QD4 = QD2 = N˜c. (5.34)
This is enough charges to potentially define a 3 node quiver, but the identification of
this quiver will not be pursued here, instead this section will focus only on probing the
dynamics of the dual gauge theory. These probe calculation in the T-dual solution will
be more complicated than the previous examples, for that reason the units as well as
multiplicative constants in the couplings will be suppressed.
Like the rotated solution it is possible to define a coupling via a D2 brane parallel to
the field theory coordinates. The dilaton, which is expressed in eq 4.19, depends on the
dual coordinates that shall be set to constant values on the world volume of the brane.
The simplest choice is that v2 = v3 = 0 for which the coupling is given by
1
g˜21
∼ e3g =


(
1 , g3/20
)
r ∼ 0(
1 , c3/2e2r
)
r → ∞
(5.35)
where the brackets correspond to asymptotically
(
Linear, Constant
)
dilaton solutions.
The coupling is constant for the linear dilaton solution however this is clearly not a sign
of conformal invariance as the non-compact dual metric is not AdS4 and the dilaton is not
constant. The coupling for solutions with constant dilaton in the UV are more interesting,
asymptotically it is free and increases as one flows towards the IR finally freezing at a
constant at r = 0.
Anotherway to define a gauge coupling is a probeD4 branewith embedding (t, x1, x2, Σ˜2),
where the induced metric is given by eq 4.49. B2 as defined in eq 4.20 vanishes on this cy-
cle, however non-vanishing contributions can be induced by large gauge transformations
as in eq 4.48. Generically the F2 contribution to the DBI action gives a coupling of the
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form
1
g˜22
= TD4
∫
Σ˜2
e−3φ/2
√
det
(
Gˆab + Bˆab
) ∼ e3g
π
∫ π
0
dθ1
√
e4h+2φN˜2c + 2n
2 sin2 θ1
=
2Nc
π
e3g+2h+φE
( −n2
e4h+2φN˜2c
) (5.36)
where Bˆ = n/2 sin θ1dθ1 ∧ dϕ1, to include the effect of large gauge transformations. The
function E is a complete elliptic integral, which as a statement is not very illuminating.
When n = 0 there is no gauge transformation and E(0) = π/2 so the coupling is simply
1
g˜22
∼ e3g+2h+φ =


(
eφ0r2 , g5/20 e
φ0r2
)
r ∼ 0(
2eφ∞ r , 3c
5/2eφ∞
4 e
10r/3
)
r → ∞
(5.37)
where the brackets correspond to asymptotically (Linear, Constant) dilaton solutions. This
coupling is consistent with confinement in the IR and asymptotic freedom in the UV, in
fact it is much like the coupling of the original background in eq 5.20. For non-zero values
of n the UV behaviour is unchanged because e4h+2φ becomes large and the elliptic integral
is well approximated by
E(
−n2
e4h+2φN˜2c
) ∼ π
2
+
e−4h−2φn2
4N˜2c
, (5.38)
where the second term vanishes as r → ∞. The IR behaviour changes quite dramati-
cally under large gauge transformations because for r ∼ 0,
√
e4h+2φN2c + 2n
2 sin2 θ1 ∼√
2Ncn sin θ1 and so the coupling tends to
1
g˜22
∣∣∣∣
r∼0
∼ 2
√
2|n|g3/20
π
(5.39)
so the effect of the large gauge transformation is to freeze the coupling in the IR making
n = 0 a special case.
A third coupling may be defined in terms of Euclidean D2 on S˜3. B2 vanishes on
this cycle up to the same large gauge transformations as before and the induced metric is
given by eq 4.50 which leads to the coupling
1
g˜23
∼ e3g+h+φ
√
2n2 + e4h+2φN˜2c ∼


(
e2φ0r3 , e2φ0(g0r)3
)
r ∼ 0, n = 0(
e2φ∞ r3/2 , c3e4r
)
r → ∞
g20|n|
√
r r ∼ 0, n 6= 0
(5.40)
this coupling is consistent with a strong coupling in the UV and asymptotic freedom in
the IR. The effect of the large gauge transformation is less pronounced than it was for g˜2
the behaviour in the IR is modified such that the power law changes, but the RHS of eq
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5.40 still tends to zero in the IR.
The confining behaviour of the g˜3 coupling should come as no surprise, the field
theory and holographic directions are the same in both the original and dual geometries
and so the conclusion of confinement from the Wilson loop studies of [4, 35] transfer to
this solution also. That all the coupling exhibit asymptotic freedom is tied up with the
fact that the bad UV behaviour of the original geometry, fractional branes unwrapping in
the UV, is not being fixed by the T-duality, the irrelevant operator of the asymptotically
constant dilaton solution will also still be present. As the original wrapped D5 brane
solution is dual to a gauge theory with a Chern-Simons term it is reasonable to expect that
the non-abelian T-dual geometry will be dual to a theory that also contains this type of
term. That the couplings g˜1 and (after a large gauge transformation) g˜2 freeze out in the
IR is certainly suggestive of a Chern-Simons term (or terms) that dominate the physics
there.
At the beginning of this section it was shown that it is possible to define a Chern-
Simons level for each Page charge in the geometry. For the non-abelian T-dual solution
this gives 3 possible definitions
• Probe D8 brane on (t, x1, x2, Σ˜6) gives k1 = QD2 = N˜c
• Probe D6 brane on (t, x1, x2, Σ˜4) gives k2 = QD4 = N˜c
• Probe D4 brane on (t, x1, x2, Σ˜2) gives k3 = QD6 = nN˜c
up to possible shifts from integrating out all the massive KK modes. The n in the def-
inition of k3 comes from the large gauge transformation B2 = n/2 sin θ1dθ1 ∧ dϕ1. The
Chern-Simons level defined in the wrapped D5-brane solution is calculated on the 3-cycle
S3 = (σ1, σ2, σ3). This cycle is orthogonal to the directions on which the dualisation is
performed and so must be mapped to a 4-cycle and 6-cycle. This accounts for k1 and k2
and suggests that the D8 and D6 branes may be probing the same gauge theory object. k3
is unambiguously distinct, it is zero when B2 is defined as in eq 4.20 but is shifted by large
gauge transformation which is analogous to the Chern-Simons level of the G2-structure
rotated solution. It is interesting to see that when k3 = 0 the couplings g˜2 and g˜3 behave
quite differently than when it is not. Most pronounced is the effect on g2 that exhibits typ-
ical confining behaviour when n = 0 but freezes in the IR becoming constant otherwise.
This can be interpreted as a clear example of the effect a non-zero Chern-Simons term can
have on a Yang-Mills coupling, see the discussion below eq 5.26.
6 Concluding Remarks
In this work the results of applying 2 solution generating techniques to the wrapped D5
solution of Maldacena and Nastase [3] (and its deformation [4]) were studied, with the
aim of better understanding the dual gauge theories that are generated.
The first technique, G2-structure rotation [5], which is equivalent to U-duality, has an
action on the field theories that is already quite well understood, partially due to explicit
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calculation [5, 6, 35, 36] and partially by analogy to its 6-d SU(3)-structure equivalent [22–
27]. The rotation acts on the wrapped D5 solution with asymptotically constant dilaton
which is dual to a N = 1 SYM-CS in 3-d with an irrelevant operator insertion. After the
rotation this operator is removed and the metric is asymptotically AdS4×Y, where Y has
finite volume. It was shown in [5, 6] that the rotated geometry is dual to a 2-node quiver
that very likely exhibits a duality cascade like the baryonic branch of Klebanov-Strassler
[32], due to similarities between the two solutions. One way in which the solutions differ
is that the G2-structure rotated, being a holographic description of a 3-d QFT, can contain
a Chern-Simons term. Evidence for this was given in [6] where, through a probe brane
calculation, a YM coupling was shown to freeze in the IR. This was interpreted as a sig-
nal of a Chern-Simons term that was dominating the IR, but no proposal for the level of
this theory was given. This is resolved in section 5.2 where it is shown that a probe D8
brane wrapping the whole compact part of the rotated G2-manifold, gives rise to a Chern-
Simons level which is equal to the D2 Page charge. Thus the putative duality cascade
must be accompanied by a cascade in the Chern-Simons level, which is very interesting
and deserves further study. This will be left for future study as the main purpose of in-
troducing the rotated solution was to aid, by comparison, the understanding of the main
focus of this work.
A non-abelian T-duality [7–10] was performed on the SU(2) isometry parametrised
by the left invariant 1-forms ωi of the deformed Maldacena-Nastase solution. The result
of this is a rather complicated solution in massive type-IIA with all possible RR forms
turned on. As the duality does not change the directions orthogonal to the isometry, it
does not improve the asymptotic behaviour of the field theory directions and holographic
coordinate as the rotation does, this of course was to be expected. It was possible to ex-
plicitly show that under the T-duality the G2-structure of the original solution is mapped
to a dynamic SU(3)-structure in 7-d [28, 29]. This is the analogue of result of [16] where
it was shown that the 6-d SU(3)-structure of Klebanov-Witten [37] is mapped to a static
SU(2)-structure for the T-dual solution [14, 15]. Indeed the structure of the dual geometry
considered here becomes static SU(3) in a limit in which, like Klebanov-Witten, there is
no rotation in the projections of the original background (see Appendix A of [4] for details
of the projections)
A rigorous prescription for fixing the periodicities of the dual coordinates is lacking.
The view taken in this work was that the coordinates were at least likely to be compact.
If this were not the case it would only be possible to define a D6 brane Page charge and
this seems strange given the rich variety of fluxes. Periods were chosen for the dual coor-
dinates such that Page charges for D2 and D4 branes could also be defined and such that
these charges were equal. It is important to realise however that it should be possible to
fix the periods of the dual coordinates by some requirement on the global properties of
the dual manifold and that such a prescription may not match the choice made here. At
any rate, it is unlikely that the specific choice would drastically change the salient features
of the manifold so a probe analysis of the geometry was performed with periodicity thus
fixed to gain some insight into the possible dual QFT.
That it is possible to define 3 Page charges suggests, by analogy with the rotated
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solution, that the dual gauge theory may be a 3 node quiver. However, unlike the rotated
solution, it is possible in this case to define as many Chern-Simons terms as there are
charges. The most interesting of these is the Chern-Simons term with level that coincided
with the D6 Page charge k3. This experiences shifts under large gauge transformations
of B2 in much the same way as is true for the level in the rotated solution (albeit with
that shift mediated by large gauge transformations of C3). A new feature in the T-dual
solution is that the large gauge transformation actually changes the IR behaviour of two
of the couplings that can be defined, this is most pronounced for the coupling g˜2. When
k3 = 0 the coupling exhibits typical confining behaviour, it tends to infinity as when
flows towards the IR. However when k3 6= 0 the coupling freezes in the IR, a sign that a
confining Chern-Simons term is now dominating the dynamics this coupling is sensitive
to. This constitutes a very clean example of such behaviour, and it is nice to see a familiar
dynamical effect in this complicated SuGra solution. It is probable that this solution also
experiences some shift in the ranks of gauge groups of the QFT and that it can perhaps be
identified with a Seiberg/level-rank like duality, this will be left for future work.
The general outlook for non-abelian T-duality as a SuGra solution generating tech-
nique with applications to holography seems good. This work represents a concrete ex-
ample where interesting dynamics are generated by the duality. Given the wide range of
backgrounds that have an SU(2)-isometry, there must be much more of interest that can
be generated in a similar way to what is shown here. It would however be desirable to
have some general understanding of the effect on the gauge theories before one actually
performs the dualisation, like one does for g-structure rotation. It would be interesting
to add flavours to the dual background considered here in the spirit of [16], where it is
shown that one may flavour the dual solution by simply dualising the original solution
with smeared flavours added. This would surely work and it would be interesting to see
the effect this had on the Chern-Simons levels that are defined here. Flavour is added to
the Maldacena-Nastase solution in [4, 35]. It would also be interesting to dualise the G2-
structure rotated solution. The baryonic branch of Klebanov-Strassler requires a B2 with
a leg in the holographic coordinate r to give the correct H3, this term causes a strange
mixing of r with the internal space in its non-abelian T-dual geometry which deforms the
UV [15]. The B2 of the G2-structure rotated solution is defined over the compact part of
the internal manifold only and so the dual geometry would maintain the AdS4 asymp-
totics, although the internal space may no longer be UV finite. The field theory dual to
this would likely have some interesting properties.
Acknowledgements
I would like to thank Carlos Núñez for useful discussions during this project as well as
Jérôme Gaillard and Daniel Thompson for concurrent collaboration which has been
instructive. My work is supported by an STFC studentship.
– 29 –
References
[1] M. Schvellinger and T. A. Tran, “Supergravity duals of gauge field theories from SU(2) x
U(1) gauged supergravity in five-dimensions,” JHEP 0106 (2001) 025 [hep-th/0105019].
[2] A. H. Chamseddine and M. S. Volkov, “NonAbelian vacua in D = 5, N=4 gauged
supergravity,” JHEP 0104 (2001) 023 [hep-th/0101202].
[3] J. M. Maldacena and H. S. Nastase, “The Supergravity dual of a theory with dynamical
supersymmetry breaking,” JHEP 0109 (2001) 024 [hep-th/0105049].
[4] F. Canoura, P. Merlatti and A. V. Ramallo, “The Supergravity dual of 3d supersymmetric
gauge theories with unquenched flavors,” JHEP 0805 (2008) 011 [arXiv:0803.1475 [hep-th]].
[5] J. Gaillard and D. Martelli, “Fivebranes and resolved deformed G2 manifolds,” JHEP 1105
(2011) 109 [arXiv:1008.0640 [hep-th]].
[6] N. T. Macpherson, “SuGra on G2 Structure Backgrounds that Asymptote to AdS4 and
Holographic Duals of Confining 2+ 1d Gauge Theories with N = 1 SUSY,” JHEP 1304
(2013) 076 [arXiv:1301.5178 [hep-th]].
[7] X.C. de la Ossa and F. Quevedo, Duality symmetries from non abelian isometries in string theory,
Nucl. Phys. B403 (1993) 377, hep-th/9210021.
[8] K. Sfetsos and D. C. Thompson, “On non-abelian T-dual geometries with Ramond fluxes,”
Nucl. Phys. B 846 (2011) 21 [arXiv:1012.1320 [hep-th]].
[9] Y. Lozano, E. .O Colgain, K. Sfetsos and D. C. Thompson, “Non-abelian T-duality, Ramond
Fields and Coset Geometries,” JHEP 1106 (2011) 106 [arXiv:1104.5196 [hep-th]].
[10] G. Itsios, Y. Lozano, E. .O Colgain and K. Sfetsos, “Non-Abelian T-duality and consistent
truncations in type-II supergravity,” JHEP 1208 (2012) 132 [arXiv:1205.2274 [hep-th]].
[11] J. Jeong, O. Kelekci and E. O Colgain, “An alternative IIB embedding of F(4) gauged
supergravity,” JHEP 1305 (2013) 079 [arXiv:1302.2105 [hep-th]].
[12] E. Gevorgyan and G. Sarkissian, “Defects, Non-abelian T-duality, and the Fourier-Mukai
transform of the Ramond-Ramond fields,” arXiv:1310.1264 [hep-th].
[13] Y. Lozano, E. OColgain, D. Rodriguez-Gomez and K. Sfetsos, “New Supersymmetric AdS6
via T-duality,” arXiv:1212.1043 [hep-th].
[14] G. Itsios, C. Nunez, K. Sfetsos and D. C. Thompson, “On Non-Abelian T-Duality and new
N=1 backgrounds,” arXiv:1212.4840 [hep-th].
[15] G. Itsios, C. Nunez, K. Sfetsos and D. C. Thompson, “Non-Abelian T-duality and the
AdS/CFT correspondence:new N=1 backgrounds,” arXiv:1301.6755 [hep-th].
[16] A. Barranco, J. Gaillard, N. Macpherson, C. Nunez and D. C. Thompson, “G-structures and
Flavouring non-Abelian T-duality,” arXiv:1305.7229 [hep-th].
[17] N. T. Macpherson, “Non-abelian T-duality, generalised geometry and holography,”
arXiv:1309.1358 [hep-th].
[18] M. Grana, R. Minasian, M. Petrini and A. Tomasiello, “Generalized structures of N=1
vacua,” JHEP 0511 (2005) 020 [hep-th/0505212].
[19] F. Witt, “Generalised G2- manifolds,” Commun. Math. Phys. 265(2006) 275
[arXiv:math.DG/0411642]
– 30 –
[20] M. Haack, D. Lust, L. Martucci and A. Tomasiello, “Domain walls from ten dimensions,”
JHEP 0910 (2009) 089 [arXiv:0905.1582 [hep-th]]. A. Tomasiello, “Generalized structures of
ten-dimensional supersymmetric solutions,” JHEP 1203 (2012) 073 [arXiv:1109.2603
[hep-th]].
[21] B. Heidenreich, L. McAllister and G. Torroba, “Dynamic SU(2) Structure from
Seven-branes,” JHEP 1105 (2011) 110 [arXiv:1011.3510 [hep-th]].
[22] J. Gaillard, D. Martelli, C. Nunez and I. Papadimitriou, “The warped, resolved, deformed
conifold gets flavoured,” Nucl. Phys. B 843 (2011) 1 [arXiv:1004.4638 [hep-th]].
[23] D. Elander, J. Gaillard, C. Nunez and M. Piai, “Towards multi-scale dynamics on the
baryonic branch of Klebanov-Strassler,” JHEP 1107 (2011) 056 [arXiv:1104.3963 [hep-th]].
[24] S. Bennett, E. Caceres, C. Nunez, D. Schofield and S. Young, “The Non-SUSY Baryonic
Branch: Soft Supersymmetry Breaking of N=1 Gauge Theories,” JHEP 1205 (2012) 031
[arXiv:1111.1727 [hep-th]].
[25] E. Conde, J. Gaillard, C. Nunez, M. Piai and A. V. Ramallo, “A Tale of Two Cascades:
Higgsing and Seiberg-Duality Cascades from type IIB String Theory,” JHEP 1202 (2012) 145
[arXiv:1112.3350 [hep-th]].
[26] J. Maldacena and D. Martelli, “The Unwarped, resolved, deformed conifold: Fivebranes and
the baryonic branch of the Klebanov-Strassler theory,” JHEP 1001 (2010) 104
[arXiv:0906.0591 [hep-th]].
[27] E. Caceres, C. Nunez and L. A. Pando-Zayas, “Heating up the Baryonic Branch with
U-duality: A Unified picture of conifold black holes,” JHEP 1103 (2011) 054 [arXiv:1101.4123
[hep-th]].
[28] D. Martelli and J. Sparks, “G structures, fluxes and calibrations in M theory,” Phys. Rev. D
68 (2003) 085014 [hep-th/0306225].
[29] J. P. Gauntlett, D. Martelli, S. Pakis and D. Waldram, “G structures and wrapped
NS5-branes,” Commun. Math. Phys. 247 (2004) 421 [hep-th/0205050].
[30] D. Marolf, “Chern-Simons terms and the three notions of charge,” hep-th/0006117.
[31] J. P. Gauntlett, D. Martelli and D. Waldram, “Superstrings with intrinsic torsion,” Phys. Rev.
D 69 (2004) 086002 [hep-th/0302158].
[32] I. R. Klebanov and M. J. Strassler, “Supergravity and a confining gauge theory: Duality
cascades and chi SB resolution of naked singularities,” JHEP 0008 (2000) 052
[hep-th/0007191]. A. Butti, M. Grana, R. Minasian, M. Petrini and A. Zaffaroni, “The
Baryonic branch of Klebanov-Strassler solution: A supersymmetric family of SU(3) structure
backgrounds,” JHEP 0503 (2005) 069 [hep-th/0412187].
[33] F. Benini, F. Canoura, S. Cremonesi, C. Nunez and A. V. Ramallo, “Backreacting flavors in
the Klebanov-Strassler background,” JHEP 0709 (2007) 109 [arXiv:0706.1238 [hep-th]].
[34] O. Aharony, O. Bergman, D. L. Jafferis and J. Maldacena, “N=6 superconformal
Chern-Simons-matter theories, M2-branes and their gravity duals,” JHEP 0810, 091 (2008)
[arXiv:0806.1218 [hep-th]].
[35] N. T. Macpherson, “The Holographic Dual of 2+1 Dimensional QFTs with N=1 SUSY and
Massive Fundamental Flavours,” JHEP 1206 (2012) 136 [arXiv:1204.4222 [hep-th]].
– 31 –
[36] N. T. Macpherson, “Holographic Duals of 2+1d QFTs with Minimal SUSY with Massive
Flavours..,” PoS Corfu 2012 (2013) 119.
[37] I. R. Klebanov and E. Witten, “Superconformal field theory on three-branes at a Calabi-Yau
singularity,” Nucl. Phys. B 536 (1998) 199 [hep-th/9807080].
– 32 –
